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(Si) A sensor. 



(57) A sensor of the present invention comprises : 
a plurality of planar zigzag coils (10a, 10b) being 
provided on substrates (40, 42, 44), the planar 
zigzag coils having same coil pitch and being 
formed into zigzag shape in a first direction, the 
planar zigzag coils (10a, 10b) being capable of 
relatively moving in the first direction, the pla- 
nar zigzag coils (10a, 10b) including a first 
planar zigzag coil (10a), which is a primary coil, 
and a second planar zigzag coil (10b), which is a 
secondary coil; magnetizing means (12, 14) for 
magnetizing the first planar zigzag coil (10a); 
first detecting means (16) for detecting induced 
electromotive force, which is induced in the 
second planar zigzag coil (10b) by the first 
planar zigzag coil (10a) magnetized; and sec- 
ond detecting means (28) for detecting dis- 
placement length between the first planar 
zigzag coil (10a) and the second planar zigzag 
coil (10b) on the basis of the induced elec- 
tromotive force in the second planar zigzag coil 
(10b). Therefore, the sensor is capable of having 
a wide sensing range in which the first planar 
zigzag coil (10a) induces the second planar 
zigzag coil (10b). 
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The present invention relates to a sensor, more 
precisely to a sensor which is capable of detecting dis- 
placement length on the basis of mutual displace- 
ment length of coils. 

Many types of sensors have been known. The ap- 
plicant of the present invention also invented a dis- 
placement sensor. The displacement sensor was dis- 
closed in US Patent No.5,046,702. The displacement 
sensor has a coil, a diaphragm and a magnetizable 
body, which is fixed to the diaphragm and is capable 
of moving close to and away from the coil. When the 
magnetizable body moves close to and away from the 
coil with the movement of the diaphragm, reactance 
of the coil changes, so that displacement length of 
the diaphragm can be known by detecting the change 
of reactance thereof. 

However, the conventional sensor has following 
disadvantages. 

Firstly, while the magnetizable body moves to the 
coil from outside, the reactance of the coil changes 
suddenly; on the other hand, while the magnetizable 
body goes into the coil, the reactance thereof 
changes gradually. Therefore, a practical sensing 
range, in which the displacement length of the mag- 
netizable body can be practically detected, is limited 
to a range until the magnetizable body reached the 
coil. In other words, the displacement sensor has a 
small sensing range. 

Secondly, a processor, which is capable of proc- 
essing large amount of data, is required so as to con- 
vert the change of the reactance to the displacement 
length of the diaphragm because the reactance 
changes curvedly. 

A preferred embodiment of the present invention 
may provide a sensor having a wide sensing range, 
and which is capable of control by a small scale proc- 
essor. 

The sensor of the present invention basically 
comprises: 

a plurality of planar zigzag coils being provided 
on substrates, the planar zigzag coils having same 
coil pitch and being formed into zigzag shape in a first 
direction, the planar zigzag coils being capable of rel- 
atively moving in the first direction, the planar zigzag 
coils including a first planar zigzag coil, which is a pri- 
mary coil, and a second planar zigzag coil, which is a 
secondary coil; 

magnetizing means for magnetizing the first 
planar zigzag coil; 

first detecting means for detecting induced 
electromotive force, which is induced in the second 
planar zigzag coil by the first planar zigzag coil mag- 
netized; and 

second detecting means for detecting dis- 
placement length between the first planar zigzag coil 
and the second planar zigzag coil on the basis of the 
induced electromotive force in the second planar zig- 
zag coil. 



And the second detecting means may detect the 
displacement length on the basis of number of detect- 
ing a predetermined value of the induced electromo- 
tive force, which is detected by the first detecting 

5 means. 

In the present invention, the second detecting 
means detects the displacement length between the 
first planar zigzag coil and the second planar zigzag 
coil on the basis of the induced electromotive force. 

w Therefore, the sensor is capable of having a wide 
sensing range in which the first planar zigzag coil is 
able to induce the second planarzigzag coil. 

Especially, in case that the second detecting 
means detects the displacement length on the basis 

15 of number of detecting the predetermined value of the 
induced electromotive force, the displacement length 
can be detected by dealing quite small amount of 
data. 

Embodiments of the present invention will now be 
20 described by way of examples and with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block diagram of a sensor of First Em- 
bodiment; 

Fig. 2 is a front view of planar zigzag coils; 
25 Fig. 3 is a side view of the planar zigzag coils 

shown in Fig. 2; 

Fig. 4 is a graph of induced voltage of a second 
planar zigzag coil; 

Fig. 5 is an explanation view showing a planarzig- 
30 zag coil; 

Fig. 6 is an explanation view showing a planarzig- 
zag coil; 

Fig. 7 is an explanation view showing a planarzig- 
zag coil; 

35 Fig. 8 is a partial sectional view of a planar zigzag 

coil; 

Fig. 9 is an explanation view of planarzigzag coils 
of Second Embodiment 

Fig. 10 is an explanation view of planar zigzag 
40 coils of Third Embodiment. 

Fig. 11 is a graph of induced voltage of a second 
planar zigzag coil of the Third Embodiment; 
Fig. 12 is a perspective view of a sensor of Fourth 
Embodiment; 

45 Fig. 13isaplansectionalviewofasensorofFifth 

Embodiment; 

Fig. 14 is a front sectional view of the sensor of 
the Fifth Embodiment; 

Fig. 15 is a block diagram of the Fifth Embodi- 
50 ment; and 

Fig. 16 is a block diagram of Sixth Embodiment. 

Preferred embodiments of the present invention 
will now be described in detail with reference to the 
accompanying drawings. 

55 

(First Embodiment) 

First Embodiment will be explained with refer- 
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ence to Fig. 1. 

Planar zigzag coils 10a and 10b are provided in 
parallel (see Figs. 2 and 3). The planar zigzag coils 
1 0a and 1 0b are respectively formed on each inner 
face of substrates, which are provided in parallel, to 
face each other. Coil pitch and forming direction of 
the planar zigzag coils 10a and 10b are same. The 
planar zigzag coits 10a and 10b are formed on the 
substrates by, for example, evaporation. Position of 
the planar zigzag coil 10a is fixed; the planar zigzag 
coil 10b is capable of moving in a first direction (a pitch 
direction) A (see Fig. 2). Therefore, a multilayered mi- 
crotransformer is formed by the planar zigzag coils 
10a and 10b. In the present embodiment, the width 
(the length in the first direction A) of the planar zigzag 
coil 10a is equal to that of the planar zigzag cod 10b. 
Note that, the width of the both planar zigzag coils 
10a and 10b need not same. 

An oscillating section 12 includes a high frequen- 
cy oscillating circuit. High frequency waves from the 
oscillating section 12 is amplified to prescribed vol- 
tage level by a magnetizing section 14, which includes 
an amplifying circuit, and inputted to the planar zigzag 
coil 10a. The oscillating section 12 and the magnetiz- 
ing section 14 compose magnetizing means for mag- 
netizing the planar zigzag coil 10a, which is a first pla- 
nar zigzag coil or a primary coil. 

A voltage detecting section 16, which is an exam- 
ple of first detecting means, is capable of detecting in- 
duced voltage (induced electromotive force), which is 
induced in the planar zigzag coil 10b, which is a sec- 
ond planar zigzag coil or a secondary coil, by the pla- 
nar zigzag coil 10a magnetized by the magnetizing 
section 14. 

An amplifier 18 amplifies the induced voltage, 
which is detected by the voltage detecting section 16, 
to prescribed voltage level. 

A waveform shaping section 20 converts analo- 
gue signals, which are amplified by the amplifier 18, 
to digital pulse signals. 

A pulse-counting section 22 includes a counter 
circuit. The pulse-counting section 22 counts the 
number of the digital pulse signals from the waveform 
shaping section 22. Displacement length of the pla- 
nar zigzag coil 10b with respect to the planar zigzag 
coil 10a can be detected on the basis of the number 
of the pulse signals. 

A first differentiator 24, which is an example of 
third detecting means, detects moving speed of the 
planar zigzag coil 10b with respect to the planar zig- 
zag coil 10a on the basis of the displacement length 
of the planar zigzag coil 10b. 

A second differentiator 26, which is an example 
of fourth detecting means, detects acceleration of the 
planar zigzag coil 10b with respect to the planar zig- 
zag coil 10a on the basis of the moving speed of the 
planar zigzag coil 10b. 

A CPU 28, which is an example of second detect- 



ing means, includes a microprocessor and memory 
units. The CPU 28 calculates the displacement length 
of the planar zigzag coil 10b with respect to the planar 
zigzag coil 10a on the basis of the pulse number 

5 counted by the pulse-counting section 22. The CPU 
28 also calculates the moving speed of t he planar zig- 
zag coil 10b with respect to the planar zigzag coil 10a 
on the basis of the displacement length detected by 
the first differentiator 24. Furthermore, the CPU 28 

10 calculates the acceleration of the planar zigzag coil 
10b with respect to the planar zigzag coil 10a on the 
basis of the moving speed detected by the first differ- 
entiator 26. 

An output section 30, which is an example of out- 

15 put means, is, for example, a display unit. The output 
section 30 selectively shows items of the displace- 
ment length, the moving speed, the acceleration, 
etc., which are calculated by the CPU 28. The items 
shown are selected by input means (not shown), e.g. 

20 a keyboard. 

Successively, action of the sensor will be ex- 
plained with reference to Figs. 2-4. 

When the second planar zigzag coil 10b (colored 
in white) is moved with respect to the first planar zig- 

25 zag coil 10a (colored in black), which is being magne- 
tized by the magnetizing section 14, in the first direc- 
tion A, the induced voltage of the planar zigzag coil 
10b versus the displacement length B thereof, which 
is indicated as coil pitch, is shown by a solid line in a 

30 graph of Fig. 4. 

To detect the length B, the number of detecting 
a predetermined value of the induced voltage, e.g. 0 
* (mV), of the planar zigzag coil 10b is counted. In the 
present embodiment, as clearly shown in Fig. 4, the 

35 induced voltage of the planar zigzag coil 10b be- 
comes 0 (mV) with every 3/8 pitch (1 pitch = C). 
Namely, in cases that the displacement length B of 
the planar zigzag coil 10b is 3/8 pitch, 6/8 pitch, 11/8 
pitch, the induced voltage is 0 (mV). Therefore, 

40 the length B can be known as a digital value by count- 
ing the number of detecting the induced voltage of 0 
(mV). In the present embodiment, the induced vol- 
tage, which is got as an alogue signals, detected by 
the voltage detecting section 1 6 is amplified, and con- 

45 verted to digital pulse signals by the waveform shap- 
ing section 20. The pulse-counting section 22 counts 
the pulse number N. The CPU 28 calculates the dis- 
placement length B by multiplying said 3/8 pitch to the 
pulse number N. Namely, it is shown as B = N - 3/8 • 

so C. 

To detect the moving speed of the planar zigzag 
coil 10b, the pule number N is differentiated by the 
first differentiator 24. And the CPU 28 multiples said 
3/8 pitch to the differentiated value. 
55 To detect the acceleration of the planar zigzag 

coil 1 0b, the calculated moving speed is differentiated 
by the second differentiator 26. And the CPU 28 mul- 
tiples said 3/8 pitch to the differentiated value from 
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the second differentiator 26. 

In case that the first planar zigzag coil 10a is ar- 
ranged and fixed alongside a stroke track of a dis- 
placement body (not shown) and the second planar 
zigzag coil 10b is attached to the displacement body, 5 
the induced voltage of the planar zigzag coil 10b 
changes with the movement of the displacement 
body, so thatthe displacement length of the displace- 
ment body with respect to the planar zigzag coil 10a 
can be known. jo 

Note that, in the above description, the first pla- 
nar zigzag coil 1 0a is fixed; the second planar zigzag 
coil 10b is movable. But the first planar zigzag coil 
10a may be movable; the second planar zigzag coil 
10b may be fixed. Furthermore, the both coils 10a 15 
and 10b may be movable. 

Successively, shapes of the planar zigzag coil 
will be explained with reference to Figs. 5-7. Note 
that, the shapes, of course, can be employed to fol- 
lowing embodiments. 20 

In Fig. 5, a planar zigzag coil 32 has is the same 
as above described planar zigzag coils 10a and 10b. 
The number of turn is one; the number of meanders 
is five. Note that, if the length E is greater than the 
length D, the sensivity of the sensor can be in- 25 
creased. * 

In a planar zigzag coil 34 of Fig. 6, the number of 
turn is one; the number of meanders is five. Positions 
of terminals 36 are different from ones shown in Fig. 

5 - 30 

In a planar zigzag coil 38 of Fig. 7, the number of 
turns is two; the number of meanders is five. 

Note that, the ratio of transformation of the mul- 
tilayered microtransformercan be changed by chang- 
ing the number of turn of the planar zigzag coils. 35 

The sensing accuracy of the displacement length 
can be increased by making the coil pitch C (see Fig. 
2) smaller. Fine pitch planar zigzag coils can be made 
by, for example, the thin film technology. 

The width, in the first direction, of the planar zig- 40 
zag coils may be defined, for example, according to 
desired range of sensing the displacement length. 
The range is defined according to inducible range of 
the first planar zigzag coil, in which the first planar 
zigzag coil is able to induce the second planar zigzag 45 
coil. The most important point of the sensor is the 
electromagnetic induction between the first planar 
zigzag coil and the second planar zigzag coil, so the 
both coils need not be arranged in parallel. 

The shape of meanders of the planar zigzag coils 50 
is not limited to the right angle. For example, curvy 
meanders may be employed in the planar zigzag 
coils. Even if the planar zigzag coil has curvy mean- 
ders, the length E is preferably greater than the 
length D so as to increase the sensivity (see Fig. 5). 55 

The first direction (the pitch direction) need not be 
straight direction, so, for example, it may be curved di- 
rection. In the case of the curved direction, a sensor, 



which is capable of detecting the displacement length 
or the displacement angle of rotation, can be realized. 

Next, the structure of the planar zigzag coil will 
be explained with reference to Fig. 8. The structure of 
the coil is, of course, employed in the following em- 
bodiments. 

A base 40 is a part of the substrate, and made of 
a magnetizable material, e.g. permalloy. By using the 
magnetizable material for the base 40, a magnetic cir- 
cuit of the rear side (shown as lower side in Fig. 8) is 
closed. If outer sides of the planar zigzag coils, which 
are mutually faced, are made of a magnetizable ma- 
terial, not only magnetic circuits are closed but also 
the magnetizable material shields noise from outside. 

Insulating layers 42 and 44 are also parts of the 
substrate, and made of a insulating material, e.g. sil- 
icon dioxide. 

A coil layer 46, which is a planar zigzag coil prop- 
er, is sandwiched between the insulating layers 42 
and 44. The coil layer 46 is made of an electric con- 
ductive material, e.g. copper. The plan shape of the 
coil layer 46 is a zigzag shape (see Fig. 2). 

Note that, a surface of the base 40 on which the 
planar zigzag coil is formed may be not only a flat face 
but also a curved face. 

Since the planar zigzag coils are made in the two 
dimension, mass production and cost reduction can 
be realized. 

(Second Embodiment) 

Second Embodiment will now be explained with 
reference to Fig. 9. Note that, elements which are the 
same as elements in the First Embodiment are as- 
signed same symbols and explanation will be omitted. 

The first planar zigzag coil 1 0a is capable of mov- 
ing in the first direction F (the pitch direction). 

The second planar zigzag coil 1 0b is fixed. The 
planar zigzag coil 10b is induced by the planar zigzag 
coil 10a when the planar zigzag coil 10a is magne- 
tized. 

A detecting coil 48 is fixed. The detecting coil 48 
is also induced by the planar zigzag coil 10a when the 
planar zigzag coil 10a is magnetized. The detecting 
coil 48 detects an absolute position of the planar zig- 
zag coil 10a. In the First Embodiment, the displace- 
ment length detected is a relative displacement 
length between the planar zigzag coils 10a and 10b, 
so it is impossible to detect moving direction of the 
planar zigzag coil 10b and an absolute position there- 
of. To detect an absolute position and a moving direc- 
tion of a movable planar zigzag coil, e.g. the planar 
zigzag coil 10a in the Second Embodiment, the de- 
tecting coil 48 is provided. 

The detecting coil 48 is forming in the first direc- 
tion F and facing the planar zigzag coils 10a and 10b. 
The number of meander is one. The length, inthe first 
direction F, of the detecting coil 48 is equal to or great- 
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er than that of the planar zigzag coil 10b. In the pres- 
ent embodiment (see Fig. 9), the detecting range of 
the detecting coil 48 is equal to the range in which the 
displacement length of the planar zigzag coil 10a with 
respect to the planar zigzag coil 10b is detected. Note 
that, in case of merely detecting the moving direction 
of the planar zigzag coil 10a, the length of the detect- 
ing length of the detecting coil 48 may be shorter than 
that of the planar zigzag coil 10b. 

The planar zigzag coil 10b and the detecting coil 
48 are laminated on a substrate 50. The rear face is 
covered with a magnetizable material. By the magne- 
tizable material, magnetic circuits, which exist on the 
rearside of the planar zigzag coil 10b and the detect- 
ing coil 48, are dosed, and the magnetizable material 
shields noise from outside. 

In the Second Embodiment, with the movement 
of the planar zigzag coil 10a in the first direction F, vol- 
tage which is similar to the solid line graph in Fig. 4 is 
induced in the planar zigzag coil 10b. On the other 
hand, voltage which is similar to the dotted line graph 
in Fig. 4 is induced in the detecting coil 48. Therefore, 
the moving direction of the planar zigzag coil 10a can 
be detected by detecting the change of the induced 
voltage of the detecting coil 48. The absolute position 
of the planar zigzag coil 10a can be detected on the 
basis of the displacement length, which is known on 
the basis of the induced voltage of the planar zigzag 
coil 10b, and said moving direction. The data process- 
ing for detecting the absolute position and the moving 
direction of the movable planar zigzag coil may be 
performed by a CPU. 

(Third Embodiment) 

Third Embodiment will now be explained with ref- 
erence to Figs. 10 and 11 . Note that, elements which 
are the same as elements in the First and Second 
Embodiments are assigned same symbols and ex- 
planation will be omitted. 

The first planar zigzag coil 1 0a is capable of mov- 
ing in the first direction G (the pitch direction). 

Second planar zigzag coils 10b, 10c and 10d are 
fixed. The planar zigzag coils 10b, 10c and 10d are 
induced by the planar zigzag coil 10a when the planar 
zigzag coil 10a is magnetized. 

In the First and Second Embodiments, the dis- 
placement length of the movable planar zigzag coils 
is detected by counting the number of detecting 0 
(mV) of induced voltage. And the sensor of the First 
or Second Embodiment has only one second planar 
zigzag coil. If the coil pitch C (see Fig. 2) is too great, 
the distance between the positions at which the in- 
duced voltage of the second planar zigzag coil be- 
comes 0 (mV) must be too great, so that mid positions 
between said positions are unable to detect. To detect 
said mid positions, the sensor of the Third Embodi- 
ment has a plurality of fixed planar zigzag coils 10b, 



10c and 10d, which are fixed and mutually shifted at 
the prescribed intervals, e.g. 1/3 pitch, in the first di- 
rection G. 

The planar zigzag coils 1 0b, 1 0c and 1 0d are lam- 

5 inated on a substrate 50. The rear face of the sub- 
strate 50 is covered with a magnetizable material. By 
the magnetizable material, magnetic circuits, which 
exist on the rear side of the planar zigzag coils 10b, 
10c and 10d, are closed, and the magnetizable ma- 

10 terial shields noise from outside. 

In the Third Embodiment, induced voltage, which 
is shown in Fig. 11, is induced in the planar zigzag 
coils 10b, 10c and 10d when the planar zigzag coil 
10a is moved in the first direction G. The number of 

15 detecting 0 (mV) is three times as many as that of the 
First and Second Embodiments, so that the sensor, 
which has three times higher resolution than the fore- 
going embodiments, can be realized. The displace- 
ment length of the planar zigzag coil 10a may be de- 

20 tected by, as well as foregoing embodiments, count- 
ing the number of detecting 0 (mV) of the induced vol- 
tage. 

Additionally, the detecting coil 48 of the Second 
Embodiment may be laminated on the substrate 50. 

25 In this case, the moving direction of the planar zigzag 
coil 10a can be detected. Furthermore, an absolute 
position of the movable planar zigzag coil 10a can be 
detected on the basis of the displacement length 
thereof, which is detected on the basis of the induced 

30 voltage of the planar zigzag coils 10b, 10c and 10d, 
and said moving direction thereof. Note that, the 
length, in the first direction G, of the detecting coil is 
preferably equal to or greater than the total length H 
of the planar zigzag coils 10b, 10c and 10d. If the 

35 length of the detecting coil is equal to the total length 
H, the detecting range of the detecting coil is equal to 
the range in which the displacement length of the pla- 
nar zigzag coil 10a is detected. And, in case of merely 
detecting the moving direction of the planar zigzag 

40 coil 10a, the length of the detecting coil may be short- 
er than the length H. If the number of the fixed planar 
zigzag coils are increased, the detecting accuracy of 
the sensor can be raised. 

45 (Fourth Embodiment) 

Fourth Embodiment will now be explained with 
reference to Fig. 12. This embodiment is an applied 
example of the First Embodiment, and elements 
50 which are the same as elements in the First Embodi- 
ment are assigned same symbols and explanation will 
be omitted. 

A fixed body 52 is fixed to a member (not shown). 
The fixed body 52 has a through-hole 54, which is 
55 bored in the center. There are formed three engaging 
grooves 56, which are formed in the axial direction L 
of the through-hole 54, on an inner face thereof. 

A displacement body 58 is slidably fitted in the 
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through-hole 54 of the fixed body 52. There are 
formed three projected lines 60, which are formed in 
the axial direction L, on an outer circumferential face 
of the displacement body 58. The projected lines 60 
are capable of slidably engaging with the engaging 
grooves 56 in the through-hole 54. With this struc- 
ture, the displacement body 58 is capable of moving, 
within the through-hole 54, in the axial direction L, 
and is unable to rotate. The displacement body 58 can 
be moved in the direction L when outer force, e.g. 
pressure working to a diaphragm, is applied to the 
displacement body 58. 

The first planar zigzag coil 10a is provided on the 
inner face of the through-hole 54; the second planar 
zigzag coil 10b is provided on the outer circumferen- 
tial face of the displacement body 58. In the through- 
hole 54, the planar zigzag coils face each other. 

When the planar zigzag coil 10b, which is in- 
duced by the planar zigzag coil 10a, moves in the first 
direction L, voltage which is similar to the solid line 
graph in Fig. 4 is induced in the planar zigzag coil 10b, 
so that the displacement length of the planar zigzag 
coil 1 0b or the displacement body 58 can be detected 
on the basis of the induced voltage. The amount of 
said outer force, which is applied to the displacement 
body, can be detected on the basis of the displace- 
ment length detected. Furthermore, the sensor of the 
present embodiment also may employ the detecting 
coil of the Second Embodiment and/or a plurality of 
the fixed planar zigzag coils of the Third Embodiment, 
so that sensors, which have higher accuracy and re- 
liability, for wide use can be provided. 

The sensor of the present embodiment can be 
used for a sensor for sensing water level, which is, for 
example, used, in an automatic electric washer. 
Namely, when the water level reaches predetermined 
level, the water pressure becomes a predetermined 
value. By using the sensor, the electric washer is ca- 
pable of stopping to supply water into a washtub upon 
reaching the predetermined water level. Further- 
more, the sensor is used for pressure detecting 
means, e.g. a pressure sensing switch, for sensing 
pressure as multi-value data. 

(Fifth Embodiment) 

Fifth Embodiment will now be explained with ref- 
erence to Figs. 13-15. 

In the foregoing embodiments, the sensors are 
capable of sensing one dimensional displacement 
length. The sensor of the Fifth Embodiment is a two 
dimensional sensor, which is capable of sensing two 
dimensional displacement length. 

Firstly, a mechanical structure will be explained 
with reference to Figs. 13 and 14. 

There are formed guides 152a and 152b, which 
are formed in the Y-direction, on inner faces of a cas- 
ing 150. 



A Y-slider 154 is provided in the X-direction. The 
both ends of the Y-slider 154 are slidably caught on 
the guides 152a and 152b, so that the Y-slider 154 is 
capable of moving in the Y-direction alongside the 
5 guides 152a and 152b. 

An X-slider 156 has a through-hole 158, which is 
bored in the X-direction. The Y-slider 154 is pierced 
through the through-hole 158, so that the X-slider 
156 is capable of moving in the X-direction alongside 

10 the Y-slider 154. 

Y-springs 160a and 160b are elastically provided 
between the X-slider 156 and the inner faces of the 
casing 150 so as to always bias the X-slider 156 to- 
ward the central position in the Y-direction. 

15 X-springs 162a and 162b are elastically provided 

between the X-slider 156 and extended sections 
164a and 164b, which are upwardly extended from 
the both ends of the Y-slider 1 54 so as to always bias 
the X-slider 1 56 toward the central position in the X- 

20 direction. 

A first planar zigzag coil 100X is provided on an 
upper face of the Y-slider 154 in the X-direction; a 
second planar zigzag coil 102X is provided on an in- 
ner upper face of the through- hole 158 of the X-slider 

25 156 in the X-direction. The planar zigzag coils 100X 
and 102Xare mutually faced and formed in the same 
pitch direction (the X-direction). With this structure, 
the planar zigzag coil 102X is capable of moving, with 
respect to the planar zigzag coil 100X, in the X-direc- 

30 tion, with the movement of the X-slider 156 in the X- 
direction. 

A first planar zigzag coil 100Y is provided on an 
inner bottom face of the casing 150 in the Y-direction; 
a second planar zigzag coil 1 02Y is provided on a bot- 

35 torn face of the X-slider 156 in the Y-direction. The 
planar zigzag coils 100Yand 102Yare mutually faced 
and formed in the same pitch direction (the Y-direc- 
tion). With this structure, the planar zigzag coil 102Y 
is capable of moving, with respect to the planar zig- 

40 zag coil 100Y, in the Y-direction, with the movement 
of the Y-slider 1 54 and the X-slider 156 in the Y-direc- 
tion. 

A control system of above described sensor will 
be explained with reference to Fig. 15. 

45 An oscillating section 104 includes a high fre- 

quency oscillating circuit. High frequency waves from 
the oscillating section 104 is amplified to prescribed 
voltage level by a magnetizing sections 106X and 
106Y, each of which includes an amplifying circuit, 

so and inputted to the planar zigzag coils 100X and 
1 00Y. The oscillating section 1 04 and the magnetizing 
sections 106X and 106Y compose magnetizing 
means for magnetizing the planar zigzag coils 100X 
and 100Y, which are first planar zigzag coils or pri- 

55 mary coils. 

Voltage detecting sections 108X and 1 08Y, which 
are examples of first detecting means, are capable of 
detecting induced voltage (induced electromotive 
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force), which is induced in the planar zigzag coils 
102X and 102Y, which are second planar zigzag coils 
or secondary coils, by the planar zigzag coils 100X 
and 100Y magnetized by the magnetizing sections 
106X and 106Y. 

Amplifiers 110X and 110Y amplify the induced 
voltage, which is detected by the voltage detecting 
sections 108X and 108Y, to prescribed voltage level. 

Waveform shaping sections 112X and 112Y con- 
vert analogue signals, which are amplified by the am- 
plifiers 11 OX and 10Y, to digital pulse signals. 

Pulse-counting sections 112X and 112Y respec- 
tively include a counter circuit. The pulse-counting 
. sections 112Xand 112Y count the number of the dig- 
ital pulse signals from the waveform shaping sections 
112X and 112Y Relative displacement length, in the 
X- and Y-directions, of the planar zigzag coils 100X 
and 100Yandthe planar zigzag coils 102Xand 102Y 
can be detected on the basis of the number of the 
pulse signals. 

Note that, the planar zigzag coils 1 00X and 1 02X, 
the magnetizing section 106X, the voltage detecting 
section 108X, the amplifier 11 OX, the waveform 
shaping section 112X and the pulse-counting section 
114X compose a first sensor section; the planar zig- 
zag coils 100Y and 102Y, the magnetizing section 
106Y, the voltage detecting section 108Y, the ampli- 
fier 1 1 0Y, the waveform shaping section 1 1 2Y and t he 
pulse-counting section 114Y compose a second sen- 
sor section. 

A CPU 116, which is an example of second de- 
tecting means, in eludes a microprocessor and mem- 
ory units. The CPU 116 calculates the displacement 
length of the planar zigzag coils 102X and 102Y with 
respect to the planar zigzag coils 100X and 100Y, 
namely the displacement length in the X- and Y-direc- 
tions, on the basis of the pulse number counted by 
the pulse-counting sections 114Xand 114Y. 

An output section 118, which is an example of out- 
put means, is, for example, a display unit. The output 
section . 118 selectively shows the X-Y displacement 
length. Namely, two dimensional displacement 
length of the X-slider 1 56 can be outputted by the out- 
put section 118. 

Note that, as well as the First Embodiment, third 
detecting means for detecting relative moving speed 
between the planar zigzag coils for the X- and Y-di- 
rections and/or fourth detecting means for detecting 
relative acceleration between the planar zigzag coils 
for the X- and Y-directions may be employed. By 
these means for detecting, two dimensional moving 
speed and/or acceleration of the X-slider 156 can be 
detected. 

Furthermore, the detecting coil of the Second 
Embodiment and a plurality of second planar zigzag 
coils, which are induced by each of the first planar zig- 
zag coils 100X and 100Y, like the Third Embodiment, 
may be employed. 



(Sixth Embodiment) 

Sixth Embodiment will be explained with refer- 
ence to Fig. 16. 

5 The sensor of the present embodiment is a three 

dimensional sensor, which is capable of sensing dis- 
placement length in the X-, Y- and Z-directions. The 
three dimensional sensor is an applied example of 
the Fifth Embodiment, and elements which are the 

10 same as elements in the Fifth Embodiment are as- 
signed same symbols and explanation will beomitted. 

A first sensor section 200 detects displacement 
length, in the X-direction, of a displacement body, 
e.g. the X-slider 156 shown in Fig. 13, as well as the 

15 Fifth Embodiment. 

A second sensor section 202 detects displace- 
ment length, in the Y-direction, of the displacement 
body, as well as the Fifth Embodiment. 

A third sensor section 204 detects displacement 

20 length, in the Z-direction, which is perpendicular to 
the X- and Y-directions, of the displacement body. 

The CPU 116 calculates the displacement 
length, in the X-, Y- and Z-directions, of the displace- 
ment body on the basis of data from the first sensor 

25 section 200, the second sensor section 202 and the 
third sensor section 204. 

The output section 118s hows t he X- Y-Z d isplace- 
ment length. Namely, three dimensional displace- 
ment length of the displacement body can be output- 

30 ted by the output section 118. 

Note that, as well as the First Embodiment, third 
detecting means for detecting relative moving speed 
between the planar zigzag coils for the X-, Y- and Z- 
directions and/orfourth detecting means for detecting 

35 relative acceleration between the planar zigzag coils 
for the X-, Y- and Z-directions may be employed. By 
these means for detecting, three dimensional moving 
speed and/or acceleration of the displacement body 
can be detected. 

40 Furthermore, the detecting coil of the Second 

Embodiment and a plurality of second planar zigzag 
coils, which are induced by each first planar zigzag 
coil, like the Third Embodiment, may be employed. 
In the above described six embodiments, the dis- 

45 placement length is detected and outputted as nu- 
merical values but the displacement length may be 
outputted as physical values besides numerical val- 
ues, such as logical control data for controlling ma- 
chines. 

so In the above described sensors, magnetic cir- 

cuits are closed and magnetism is shielded, so that 
the sensor has resistance to disturbance caused by 
noise and environmental factors. And the second de- 
tecting means detects the displacement length on the 

55 basis of number of detecting the predetermined value 
of the induced electromotive force. Therefore, the 
sensor is capable of sensing in the range in which the 
first planar zigzag coil is able to induce the second 
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planar zigzag coil, so that the sensor is able to have 
broader sensing range and less restriction than' con- 
ventional sensors. 

The invention may be embodied in other specific 
forms without departing the spirit or essential charac- 
teristics thereof. The present embodiment is there- 
fore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indi- 
cated by the appended claims ratherthan bythefore- 
going description and all changes which come within 
the meaning and range of equivalency of the claims 
are thereof intended to be embraced therein. 



of the moving speed therebetween. 

5. The sensor according to any preceding claim 

further comprising a detecting coil (48) for 
5 detecting an absolute position of said first planar 

zigzag coil (10a), said detecting coil (48) being in- 
duced by said first planar zigzag coil (10a). 

6. The sensor according to claim 5, 

10 wherein the length of said detecting coil 

(48) is equal to the width of said second planar 
zigzag coil (10b). 



Claims 

1. A sensor, 

comprising: 

a plurality of planar zigzag coils (10a, 10b) 
being provided on substrates (40, 42, 44), said 
planar zigzag coils having same coil pitch and be- 
ing formed into zigzag shape in a first direction, 
said planar zigzag coils (10a, 10b) being capable 
of relatively moving in the first direction, said pla- 
nar zigzag coils (10a, 10b) including a first planar 
zigzag coil (10a), which is a primary coil, and a 
second planar zigzag coil (10b), which is a sec- 
ondary coil; 

magnetizing means (12, 14) for magnetiz- 
ing said first planar zigzag coil (10a); 

first detecting means (16) for detecting in- 
duced electromotive force, which is induced in 
said second planar zigzag coil (10b) by said first 
planar zigzag coil (10a) magnetized; and 

second detecting means (28) for detecting 
displacement length between said first planar 
zigzag coil (10a) and said second planar zigzag 
coil (10b) on the basis of the induced electromo- 
tive force in said second planar zigzag coil (10b). 

2. The sensor according to claim 1 , 

wherein said second detecting means (28) 
detects the displacement length on the basis of 
detecting a predetermined value of the induced 
electromotive force, 

which is detected by said first detecting means 
(16). 

3. The sensor according to claim 1 or 2 

further comprising third detecting means 
(24) for detecting relative moving speed between 
said planar zigzag coils (10a, 10b) on the basis 
of the displacement length therebetween. 

4. The sensor according to claim 3, 

further comprising fourth detecting means 
(26) for detecting relative acceleration between 
said planar zigzag coils (10a, 10b) on the basis 



7. The sensor according to any preceding claim 

* 5 wherein a face of said first planar zigzag 

coil (10a), which is an opposite face facing to said 
second planar zigzag coil (10b), is covered with 
a magnetizable material, 

a face of said second planar zigzag coil 

20 (10b), which is an opposite face facing to said first 

planar zigzag coil (10a), is covered with a mag- 
netizable material. 

8. The sensor according to any preceding claim 

25 further comprising output means (30) for 

outputting at least the detected displacement 
length between said first planar zigzag coil (10a) 
and said second planar zigzag coil (10b). 

30 9. A sensor, 

comprising: 

a first sensor section and a second sensor 
section, each of which has: 

a plurality of planar zigzag coils 

35 (100X, 100Y, 102X, 102Y) being provided on sub- 

strates (40, 42, 44), said planar zigzag coils 
(100X, 100Y, 102X, 102Y) having same coil pitch 
and being formed into zigzag shape in one direc- 
tion, said planar zigzag coils (100X, 100Y, 102X, 

40 102Y) being capable of relatively moving in the 

one direction, said planar zigzag coils (100X, 
100Y, 102X, 102Y) including a first planar zigzag 
coil (100X, 100Y), which is a primary coil, and a 
second planar zigzag coil (102X, 102Y), which is 

45 a secondary coil; 

magnetizing means (104, 106X, 
1 06Y) for magnetizing said first planar zigzag coil 
(100X, 100Y);and 

first detecting means (108X, 108Y) 

so for detecting induced electromotive force, which 

is induced in said second planar zigzag coil 
(102X, 102Y) by said first planar zigzag coil 
(100X, 100Y) magnetized, 

wherein the forming directions of 

55 said planar zigzag coils (100X, 100Y, 102X, 

102Y) of each sensor section are mutually per- 
pendicular; 
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second detecting means (116) for detect- 
ing each displacement length between said first 
planar zigzag coil (100X, 100Y) and said second 
planar zigzag coil (102X, 102Y) of each sensor 
section on the basis of the induced electromotive 5 
force in said second planar zigzag coii (102X, 
102Y) thereof. 

10. A sensor, 

comprising: 10 
a first sensor section (200), a second sen- 
sor section (202) and a third sensor section (202), 
each of which has: 

a plurality of planar zigzag coils be- 
ing provided on substrates, said planar zigzag 15 
coils having same coil pitch and being formed into 
zigzag shape in one direction, said planar zigzag 
coils being capable of relatively moving in the one 
direction, said planar zigzag coils including a first 
planar zigzag coil, which is a primary coil, and a 20 
second planar zigzag coil, which is a secondary 
coil; 

magnetizing means for magnetiz- 
ing said first planar zigzag coil; and 

first detecting means for detecting 25 
induced electromotive force, which is induced in 
said second planar zigzag coil by said first planar 
zigzag coil magnetized, 

wherein the forming directions of 
said planar zigzag coils of each sensor section 30 
(200, 202, 204) are perpendicular; and 

second detecting means (116) for detect- 
ing each displacement length between said first 
planar zigzag coil and said second planar zigzag 
coil of each sensor section (200, 202, 204) on the 35 
basis of the induced electromotive force in said 
second planar zigzag coils thereof. 
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